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doi:10.1Introduction: Cardiac surgery demands effective teamwork for safe, high-quality care. The objective of this
pilot study was to develop a comprehensive program to sharpen performance of experienced cardiac surgical
teams in acute crisis management.
Methods: We developed and implemented an educational program for cardiac surgery based on high realism
acute crisis simulation scenarios and interactive whole-unit workshop. The impact of these interventions was
assessed with postintervention questionnaires, preintervention and 6-month postintervention surveys, and struc-
tured interviews.
Results: The realism of the acute crisis simulation scenarios gradually improved; most participants rated both
the simulation and whole-unit workshop as very good or excellent. Repeat simulation training was recommen-
ded every 6 to 12 months by 82% of the participants. Participants of the interactive workshop identified 2 areas
of highest priority: encouraging speaking up about critical information and interprofessional information shar-
ing. They also stressed the importance of briefings, early communication of surgical plan, knowing members of
the team, and continued simulation for practice. The pre/post survey response rates were 70% (55/79) and 66%
(52/79), respectively. The concept of working as a team improved between surveys (P ¼ .028), with a trend for
improvement in gaining common understanding of the plan before a procedure (P ¼ .075) and appropriate res-
olution of disagreements (P ¼ .092). Interviewees reported that the training had a positive effect on their per-
sonal behaviors and patient care, including speaking up more readily and communicating more clearly.
Conclusions: Comprehensive team training using simulation and a whole-unit interactive workshop can be suc-
cessfully deployed for experienced cardiac surgery teams with demonstrable benefits in participant’s perception
of team performance. (J Thorac Cardiovasc Surg 2012;144:17-24)Improvements in teamwork among health care profes-
sionals have been touted widely as an important element
of efforts to reduce adverse outcomes by reducing errors
and improving recovery from errors. Educating the work-
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The Journal of Thoracic and Cindustries as an approach to stimulate productivity and, in
hazardous domains, as an approach to accident reduction.1
Outside of anesthesia,2-4 there have been few attempts to
focus on the process of improving patient safety in the
operating theater.5-7 Some recent efforts in cardiac
surgery highlight the increasing interest.8,9
For the operating room environment, realistic simulation
offers a potential advantage for motivating a demanding au-
dience to learn about teamwork principles and to alter their
behaviors, both intended to reduce the risk of adverse
events. Recently, the Controlled Risk Insurance Company
(CRICO), the patient safety and medical professional
malpractice liability company owned by and serving the
Harvard medical community, has supported high realism
simulation for adverse outcome prevention in anesthesia
and obstetrics.10 Perceiving a positive claims experience
in anesthesia, the company extended support of a simula-
tion-based educational program to create a curriculum
for educating general surgery teams in crisis resource
management (CRM).5-7 That pilot program was an illus-
tration of a procedural and mannequin simulator for this
application. With further funding from CRICO, we
developed a similar program specifically for experienced
cardiac surgery teams, which is the basis for this study.ardiovascular Surgery c Volume 144, Number 1 17
Abbreviations and Acronyms
CRICO ¼ Controlled Risk Insurance Company
CRM ¼ crisis resource management
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simulation-based learning for the technical and behavioral
aspects of cardiac surgery to trainees where a single trainee
was exposed to specific technical tasks or complex inter-
action with 1 or 2 expert actors/educators (surgeon,
anesthesiologist, perfusionist) for crisis simulation or car-
diopulmonary bypass management.4,11,12
The primary study intent was to test the feasibility of de-
veloping and implementing a robust educational program
for CRM and especially communication for the cardiac sur-
gical environment. It was hypothesized that a program us-
ing realistic simulation and interactive workshop would
lead to improved patient safety and increased job satisfac-
tion. The objectives of this study were as follows (1) to cre-
ate crisis scenarios that occur in the cardiac surgical
operating room or intensive care unit; (2) for each of these
scenarios, to create documentation of ideal treatment re-
sponses and a discussion of common inaccurate responses;
(3) to develop scenarios for simulation-based education in
which cardiac surgical teams work in a realistic environ-
ment to optimize their interpersonal communication and
team response; (4) to measure the effect of simulation-
based crisis management education via caregiver pretrain-
ing and posttraining questionnaires and via posteducation
interviews regarding all 3 components of the crisis manage-
ment process: communication and data gathering, rapid ar-
rival at a diagnosis, and appropriate team response; and (5)
to develop an interactive workshop to share with everyone
what was learned at the simulation and discuss strategies
to improve teamwork and patient care. This pilot study
was designed to ascertain via qualitative assessments which
aspects of the intervention were effective or ineffective,
how well the intervention was accepted by the participants,
and to assess their perceptions of changes in teamwork and
communication behaviors. To the best of our knowledge,
this is the first report of a comprehensive program designed
to train complete, experienced cardiac surgical teams in the
management of crises situations using high realism simula-
tion and/or interactive whole-unit workshop.METHODS
The project was first proposed to CRICO for funding in 2006 and ap-
proved after a resubmission in 2007. Approval for this study was obtained
from the Partner’s Institutional Review Board inMay 2007. Participants for
this study were recruited among actively working cardiac surgery operating
room team personnel including members of the following professions: car-
diac surgeon and surgical physician assistant, cardiac anesthesiologist, per-
fusionist, cardiac operating room nurse, and cardiac anesthesia nurse.18 The Journal of Thoracic and Cardiovascular SurgeClinical Scenarios
Two acute crisis scenarios were developed for cardiac surgery on the ba-
sis of earlier versions used in other courses. A summary description of the
situation, expected actions, and required decisions of the team and actors
playing various roles is given in Table 1. Scenarios were designed on the
basis of issues identified in the analysis of ‘‘near misses’’ in cardiac sur-
gery.13 Scenarios were planned to engage all participants with various sur-
gical, anesthesia, perfusion, and nursing issues. The scenarios provided
a basis for the participants to discuss information sharing and the other el-
ements of CRM according to the principles and curriculum for similar
courses conducted at the Center for Medical Simulation (Cambridge,
Mass; www.harvardmedsim.org), a high realism simulation facility that
had been conducting similar programs since 1994 (Table 2). More specif-
ically, the scenarios were designed to make the participants (1) aware of the
types of events that occur in the operating room that potentially threaten
patient safety and illustrate the need for teamwork to ensure effective event
management and (2) allow them to actually practice strategies to prevent or
mitigate the effects of these events in the future.Simulation Education
We recruited a convenience sample of 5 complete, experienced cardiac
surgical teams from the pool of all clinicians working in the cardiac surgi-
cal program. A core team included 1 attending cardiac surgeon, 1 cardiac
anesthesiologist, 1 perfusionist, 1 or more cardiac operating room nurses,
and 1 cardiac anesthesia nurse. Creation of simulation teams was based
on simplicity of scheduling those who agreed to participate, according to
their response at the first online survey (see below). To the extent possible,
participants were assigned to sessions with others with whom they did not
routinely work.
Each of the 5 teams participated in an approximately 4-hour teamwork
education exercise conducted at the Center for Medical Simulation. Each
session included the 2 cardiac surgery–specific simulation scenarios. Im-
mediately after each scenario, a debriefing session was conducted using
the approach of ‘‘debriefing with good judgment,’’14 facilitated by an expe-
rienced instructor (D.B.R.). The participants discussed their reactions to
what they had experienced, and using video of the event, discussed the
team and individual performances. After the first scenario, an interactive,
didactic presentation on teamwork behaviors based on principles of
CRMwas presented. The participants were encouraged to take part actively
in the debriefings.
In addition to discussion of team and individual performance, the facil-
itators elicited from the team members their opinion of the set of informa-
tion that each professional believes he or she needs from his or her
colleagues during the courses of routine surgery and acute situations. Ad-
ditionally, after completing the 2 scenarios and debriefings, the team was
invited to critique and further develop 1 of 5 acute crisis scenario draft pro-
tocols: ‘‘cardiac laceration,’’ ‘‘hypotension during cardiopulmonary by-
pass,’’ ‘‘coagulopathy after cardiopulmonary bypass,’’ ‘‘low cardiac
output state after cardiopulmonary bypass,’’ and ‘‘massive systemic air em-
bolism.’’ The goal of this exercise was to refine the protocols, facilitate
a collaborative effort to reach agreement for the proper course of actions,
identify the critical information that needs to be shared between teammem-
bers, and characterize the specific role of every member of the team.
Simulation-based education for these 5 teams was completed between Oc-
tober and December 2007 (Figure 1). Subsequently, general acute crisis
management guidelines (Table 2) were disseminated to the entire cardiac
operating room teams via e-mails, presentation at the interactive workshop
(see below), and posters in the cardiac surgery operating room area.Whole-Unit Interactive Workshop in
Communication and Teamwork Education
As a follow-up to reinforce teamwork principles and to introduce them
to those in the cardiac service who could not be accommodated in thery c July 2012
TABLE 1. Acute crisis simulation scenarios for teamwork training in adult cardiac surgery
First simulation case Second simulation case
Scenarios Cardiac surgery team urgently called to resuscitate a patient
undergoing a CT scan for suspected stroke on postop day 7
after an uneventful CABG surgery. The patient is halfway
through the CT scan and difficult to access.
Cardiac surgery team called to help a thoracic surgeon in
a difficult case of tumor resection through a right
thoracotomy for suspected pheochromocytoma complicated
by profuse bleeding, hypovolemia, and myocardial ischemia.
Expected actions  Resuscitate an unresponsive patient in the CT scan suite
using CPR principles
 Perform endotracheal intubation
 Differential diagnosis and treatment of PEA
 Treat presumptive cardiac tamponade in the CT scan suite by
using a pericardiostomy or thoracostomy kit or by
subxyphoid approach (simulator).
 Help stabilizing/resuscitating the patient in an unfamiliar
setting; the cardiac surgeon has to help isolating blood
vessels from the tumor model
 Confrontation with a blood bank problem
 Prepare to begin emergency CPB and manage the CPB pump
(pump simulator)
 Manage iatrogenic aortic dissection from the arterial
cannulation site.
Required decisions  Which diagnostic imaging modality to use?
 Pertinence of an intra-aortic balloon pump?
 After presumptive diagnosis of cardiac tamponade, transfer
the unstable patient to the operating room?
 Pertinence to go on CPB?
 What volume repletion strategy to use in the absence of
appropriately cross-matched blood (antibodies)
 Which cannulation site to use for CPB?
Actors  Radiology technician: introduces the participants to the
patient
 Patient husband: a doctor in an unrelated field who criticizes
everything the team decides and requests to stay in the room
 Radiologist: misguides the team by reinforcing the belief that
the patient is presenting an anaphylactic reaction to the
contrast agent.
 Thoracic surgeon: requests help and guides the cardiac
surgeon toward CPB, if needed
 Thoracic anesthesiologist: becomes overwhelmed as the
hemorrhage increases
 Thoracic scrub nurse: helpful but unfamiliar with cardiac
surgery cases
 Circulating nurse: helps the perfusionists and others in the
case.
CT, Computed tomography; CABG, coronary artery bypass graft; CPR, cardiopulmonary resuscitation; PEA, pulseless electrical activity; CPB, cardiopulmonary bypass.
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rated (Figure 1). The objectives of the workshop were to (1) review the
learning during the simulation training and CRM principles, (2) teach theTABLE 2. Crew resource management principles
1. Clarify roles
a. Explicitly establish the event manager
i. Step back and manage the event
ii. Articulate clear goal to the team
iii. Organize the team
iv. Control communication
b. Participants explicitly assume a responsibility
c. Stay aware of the whole situation
d. Help with event management
2. Communicate effectively
a. Address people directly
b. Close the loop
3. Use support well
a. Call for help ‘‘early’’
b. Orient your helpers to the issue, the action, and the background
c. Consider taking people out of their traditional jobs
4. Avoid fixation
a. Step back
b. Verbalize, review frequently
c. Invite input, open possibilities
5. Manage resources
a. Plan ahead
b. Understand the infrastructure
c. Think ‘‘out of the box’’
The Journal of Thoracic and Cteamwork principles and their importance for optimizing patient outcomes,
(3) review the survey results, and (4) via small group discussions, identify
what survey issues weremost in need of attention by the cardiac service and
identify paths to achieve progress on these issues. All clinical staffs on the
cardiac service were invited to participate. High attendance was ensured by
holding the session during the regular 2-hour weekly educational block
(7:00-9:00 AM) to which an additional 2 hours was added and for which
the start of surgery was delayed.Study Measures
Preintervention and 6-month postintervention surveys.
A short survey tool was designed on the basis of elements of 2 surveys,
1 from a recent study of anesthesia safety climate throughout the Harvard
Medical School affiliated hospitals15 and another used nationally for surgi-
cal teams.16 The emphasis was on teamwork, communication, and espe-
cially information sharing. Potential study participants were contacted
directly by e-mail and were invited to complete a short, online teamwork
environment survey (via www.surveymonkey.com). Each participant re-
ceived a confidential identification number. These operating room team-
work climate surveys were sent to all Massachusetts General Hospital
cardiac surgery room personnel, including participants and nonparticipants
in the simulation-based education session or interactive workshop
(Figure 1).
Immediate posteducation and postworkshop question-
naires. At the end of the simulation-based educational session and inter-
active workshop, all participants were requested to complete a short
questionnaire to evaluate the experience and assess their teamwork effec-
tiveness, especially communication strategies and processes.
Interviews. As an adjunct to and extension of the 6-month postinter-
vention survey, participants in the simulation-based education sessions
were interviewed by 1 or 2 of the study investigators (J.B.C., L.M.S.,ardiovascular Surgery c Volume 144, Number 1 19
FIGURE 1. Timeline of the study. OR, Operating room; ID, identification.
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data about their attitudes regarding the effectiveness of the program and
to solicit suggestions for improvement. Five interviews of 45 minutes to
1 hour were conducted (Figure 1). Each interview included only 1 of the
clinical professions, with a convenience sample of representatives. The in-
terviews were audio recorded and a summary transcription made of each.
Given the relatively small number of total hours of interviews, the investi-
gators analyzed the data by manually summarizing comments into intuitive
categories with particular emphasis on examples of behaviors that had
changed or remained the same and perceptions of the overall impact of
the program on individuals.
Statistical Methods
We assessed the overall impact of the teamwork simulation–based edu-
cation for all personnel involved or not in the simulation or workshop
through their responses to the 2 surveys, questionnaires, and interviews.
Data are expressed as number (percentage), mean  standard deviation,
or 95% confidence interval. Mixed-effects ordinal logistic regression
models were used to account for the correlation between repeated surveys
measures in the same individual and were calculated using the NLMIXED
procedure in SAS 9.1 software (SAS Institute, Inc, Cary, NC). Similar
models were built for the whole group and for each of the 5 professional
groups. Owing to small sample size in each professional group and of those
who underwent the simulation-based educational program, we were not20 The Journal of Thoracic and Cardiovascular Surgeable to assess directly differences between the professional groups’
answers or differences between those who participated in the simulation-
based educational program or not. We consider values of P< .05 to be
statistically significant but, given the small sample size, report results
that tend toward significance for P values of< .10.
RESULTS
Thirty-six (65%) of the 55 respondents to the survey vol-
unteered for the simulation exercise fromwhich 27 were se-
lected and divided into 5 complete, experienced cardiac
surgery teams. The realism of the acute crisis simulation
scenarios gradually improved; most participants rated
both the simulation and whole-unit workshop as very
good or excellent (Figure 2, A). Participants particularly ap-
preciated the debriefing with video playback and were able
to discuss critical elements of teamwork in a safe environ-
ment. Interestingly, 1 team experienced an unscripted
drug error in which heparin was not provided as it should
have been to the simulated patient. The group thoroughly
assessed and discussed the communication chain disruption
that led to this preventable incident and were ‘‘glad itry c July 2012
FIGURE 2. Selected questionnaire results for (A) the simulation training and (B) the whole-unit interactive workshop. OR, Operating room; CRM, crisis
resource management.
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life. We observed that team communication improved de-
monstrably in the second simulation scenario compared
with the first. Everyone addressed the issues noted at the de-
briefing of the first simulation scenario and the surgeon
stepped back to assess the whole situation and coordinate
the required actions of the other team members, in close re-
lationship with the anesthesiologist. Also, team members
addressed their colleagues by their names and closed the
loop. Repeat simulation education was recommended every
6 months, 1 year, or 2 years by 26%, 56%, and 19% of the
participants, respectively.
Sixty-three (80%) participants of the total of 79 invited
attended the interactive workshop. During the workshop,
the teams identified 2 areas of highest priority: encouraging
speaking up about critical information and sharing informa-
tion between professions during procedures. They also
stressed the importance of briefings, early communication
of surgical plan, knowing members of the team, andThe Journal of Thoracic and Ccontinued simulation for practice. Fifty-seven percent of
participants in the workshop said they would volunteer to
help implement the ideas created at the interactive work-
shop. The evaluations of the educational sessions were al-
most uniformly positive (Figure 2, B). A repeat of the
interactive workshop was recommended every 6 months,
1 year, or 2 years by 36%, 58%, and 6% of the participants,
respectively.
The first and second surveys were completed by 70%
(55/79) and 66% (52/79) of the cardiac surgery operating
room members. In both surveys, participants indicated
that they were generally not receiving the information
they needed from other team members while believing
that they were consistently providing adequate information
to others. Only 1 aspect of team communication improved
in the 1-year interval between the 2 surveys (the concept
of all operating personnel working as a team; P ¼ .028).
Three other elements trended toward improvement al-
though the change was not statistically significant (gettingardiovascular Surgery c Volume 144, Number 1 21
FIGURE 3. Results of the preintervention and postintervention surveys. Mixed-effects ordinal logistic regression models were used to account for the cor-
relation between repeated surveys measures in the same individual, and P values assess whether there has been a significant change between survey results.
OR, Operating room.
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appropriate resolution of disagreements in the operating
room [P ¼ .092]; and asking questions when there is some-
thing that is not understood [P ¼ .12]) (Figure 3).
Twelve participants of the simulation-based education
sessions participated in 1 of the structured interviews,
including 1 anesthesiologist, 2 cardiac anesthesia nurses,
2 cardiac surgeons, 3 operating room nurses, and 4 perfu-
sionists. Interviewees overall had a consistent, very highly
positive perception of both the simulation session and the
all-service meeting. Every interviewee believed that this
kind of training should continue because they perceived it
as having a positive overall impact for the service and for
patient care. About half of those interviewed gave examples
of how they had changed their own teamwork behaviors di-
rectly as a result if the training; the most common examples
were being able to speak up more readily, communicating22 The Journal of Thoracic and Cardiovascular Surgemore clearly by addressing team members by their names,
and paying more attention to ‘‘closing the loop’’ in verbal
communications. One participant reported a new routine
of conducting a briefing at the beginning of surgery while
taking the time to listen to other team members. This was
confirmed by other participants who believed this was the
‘‘right way to go.’’ Another noticed ‘‘many mini-crises
where the heat has been turned down more’’ after the sim-
ulation experience and interactive workshop. Others re-
ported averting a potential complication by ‘‘speaking up
more freely’’ in an instance where it was unclear whether
the team was aware of important information. There were
several comments about the training as a ‘‘bonding’’ expe-
rience and the importance of this kind of social interaction
for the entire team. Interviewees were learning from each
other during the interview and reflecting on what they
learned in the trainings.ry c July 2012
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The goal of surgical teams is to provide the most success-
ful, safest, highest quality, and most efficient procedural
experience for every patient. The literature suggests that
high-performance teams and organizations are more likely
to perform well.1 Such teams have common, expressed
goals and complementary skills, are mutually accountable
for results, depend on each other in pursuit of the goals,
demonstrate candor and mutual respect in their interactions,
and have clear processes to communicate thoughts and
actions. High-functioning teams are also more likely to
successfully adopt new technology. Unfortunately, these
characteristics are still infrequently taught explicitly or con-
sistently in health care environments. In the current educa-
tional model, trainees or ‘‘junior’’ caregivers learn about
relatively infrequent crises in an apprenticeship model.
Similarly, unlike teams in other high-risk industries, cardiac
surgical teams do not routinely practice critical events to en-
sure their readiness to do so. We have demonstrated in this
pilot study that it is possible to develop engaging scenarios
for the training of entire, experienced cardiac surgical teams
by practicing specific crises and working toward developing
more effective teamwork in general.
High realism simulation is increasingly used throughout
health care for clinical and behavioral skills educa-
tion.4,11,12,16-20 Both the Advanced Trauma Life Support
(ATLS, American College of Surgeons) and the Ad-
vanced Cardiac Life Support courses (ACLS, American
Heart Institute) rely on simulation as part of their
educational and testing modalities. Among the many
different approaches to teamwork education, the use of
simulation is being applied increasingly.2,4,7,11,12,21 This
special expertise in crisis management and teamwork is
based on aviation’s Crew Resource Management model
as refined for health care.7,22,23 It was first applied to
health care in anesthesia under the term Anesthesia Crisis
Resource Management (ACRM) education.1,7 Although
this approach has not been shown definitively to improve
patient outcomes, participants believe that it improves
their performance during critical patient care events.3
One group was able to demonstrate in a single randomized
clinical trial the superiority of simulation-based learning
compared with interactive seminars in the performance of
a complex task (cardiopulmonary bypass weaning) leading
to improved performance in patient care for senior anesthe-
siology trainees.4 Our study was not designed to compare
a simulation-based approach to an interactive workshop,
but to use these 2 didactic approaches in a common goal
of improving experienced cardiac surgery teams’ commu-
nication behaviors.
In this study, the participants perceived that this type of
training was important to improve their skills in various
aspects of teamwork. Although nonsimulation-basedThe Journal of Thoracic and Ceducational methods can improve teamwork perfor-
mance,22 we believe that realistic simulation offers a great
advantage for motivating a demanding audience such as
in cardiac surgery to learn about teamwork principles and
to alter their behaviors toward reducing the risk of adverse
events. There is also evidence that teamwork skills can be
taught to some health care teams through a primarily didac-
tic approach such as TeamSTEPPS (Team Strategies and
Tools to Enhance Performance and Patient Safety).24 We
chose a simulation approach based on our belief that it
would effectively engage the cardiac surgery team, as is
used in aviation, and would motivate the behavioral changes
that are so important for improving patient safety. For many
participants, the current study (simulation and workshop)
was an ‘‘eye-opening’’ experience that helped them to see
imperfections in their practice, on which points their team-
work could be improved, and the rationale for participating
in this educational experience.
Several trends toward an improvement in operating room
member teamwork and satisfaction were noted. The con-
cept of debriefing as a process of maintaining a common un-
derstanding about the operative plan was embraced by
almost all participants in the program. However, as experi-
ence has shown in aviation, teamwork education via simu-
lations or workshops needs to be repeated to ensure that
the behavioral changes are maintained. Efficient debriefing
could also motivate teams to do the kind of debriefings after
procedures that are encouraged by the World Health Orga-
nization’s Surgical Checklist.25 Simulation sessions could
also be designed to motivate and teach a process of rebrief-
ing during the procedure, for example, formally or infor-
mally reviewing current status and trajectory of the
procedure. As a result of the very positive reception to
this program by almost everyone in the cardiac service, in
the year after this study the simulations and all-service
meeting were repeated and other efforts added. That effort
was purely as a quality improvement program, not as
a research study. Thus, those details and findings are not re-
ported here. Furthermore, we were officially informed that
the cardiothoracic surgeons completing this simulation-
based teamwork training will receive a reduction in their
malpractice premium along with other surgeons in a pro-
gram under consideration by CRICO, the patient safety
and medical professional liability company owned by and
serving the Harvard medical community.
CONCLUSIONS
In this study, we demonstrated that the development and
application of a structured program of teamwork education
in cardiac surgery is feasible and that positive changes in
behavior can be measured through surveys and interviews.
Teamwork education requires ongoing commitment and
leadership engagement. Simulation exercises or interactiveardiovascular Surgery c Volume 144, Number 1 23
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provement in patient care. In the current financial environ-
ment, support of such programs may be challenging.
However, we believe they should be prioritized given that
improved patient safety is the central goal of this approach.
We thank the simulation project team leaders for operating
room nurses, Joanne Thistle and Lisa Morrissey, perfusionists,
Stephen Snow, and cardiac anesthesia nurses, Barbara Hill, for
their enthusiast participation in the project, many helpful sugges-
tions, and unswerving support. Special thanks to Karen E. Lynch,
RN, for her helpful insights. We also thank the members of the
cardiac surgical service who participated in these training ses-
sions and interviewees for their interest in developing the
program.
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